ELECTRONIC DISCHARGING CONTROL CIRCUIT AND METHOD THEREOF FOR 

LCD 



DESCRIPTION 

BACKGROUND OF THE INVENTION 
[Paral] Field of the Invention 

[Para 2] The present invention relates to a discharging control circuit, and 
more particularly, to a control circuit for electronic discharging using energy 
storing device to reduce the residual image phenomenon of an LCD. 

[Para 3] Description of Related Art 

[Para 4] In a thin film transistor fabricating process, the major steps include 
coating photoresist (PR), exposure, development, film deposition and etching. 
Wherein the step of coating PR includes loading a glass substrate to a spinner, 
yet this method results in thinner PR around central area than that around the 
peripheral of the glass substrate, therefore during the etching step, for 
example, a back channel etching (BCE), the etching rate around the central 
area of the glass substrate is faster than that around the peripheral. Thus, an 
off-leakage current of a TFT is lower. Accordingly, the off-leakage current of a 
TFT varies according to its location on the substrate, thus the speed of 
discharging the pixel capacitor varies depending on the location on the 
substrate. Therefore, pixel capacitors originally located around central area of 
the glass substrate require longer time to discharge. 

[Para 5] Referring to FIG. 1 , a schematic diagram of a conventional LCD 
panel fabricated on a glass substrate using TFT fabrication technology is 
shown. As shown, the LCD panel 100 is divided into four blocks, the structure 
of the upper right block 102 is described as an example. An area referenced 
by numeral 1 1 0, hereinafter area 1 1 0, indicates a rough border between high 
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and low channel turn-off leakage current of a pixel transistor. When the 
power is off, since it takes longer time for discharging the transistors located 
in the area 1 1 0, it takes longer time for the image to diminish from the 
corresponding pixels. From a user's point of view, a residual image 
phenomenon resembling an ebb tide is investigated, and a dynamic 
subsidence direction is shown as the arrow in block 1 02 in FIG. 1 . 

[Para 6] Moreover, the thin film transistor fabricating process for an LCD 
usually results in a difference from 1 0 5 to 1 0 6 times between a turn-on current 
Ion and a turn-off current l 0 ff corresponding to a gate of the transistor. For 
example, when a gate potential of a turned-on transistor is 24 V, l on is in the 
order of jiA, whereas when the gate potential of a turned-off transistor is -6V, 
l 0 ff is in the order of pA. When the gate of the transistor is in off state, since l 0 ff 
is far smaller than l on , for a high-resolution display panel, it is more often to 
observe residual image phenomenon. In other words, since film thickness as 
well as capacitance of transistors are different, when the power supply is 
turned off, the time required for discharging is different and also the time 
required for liquid crystals thereof to twist back to original position is 
different. Therefore, residual image phenomenon is observed on the panel. 
Meanwhile, the TFTs are switched to an off state, and pixel capacitors are 
discharged merely via data scanning line, and the l 0 ff is in the order of pA as 
mentioned above, slow discharging is relatively obvious and uneven with 
respect to persistence in the eyes of a viewer. That is, residual image 
phenomenon, resembling the tide, is observed. This specific phenomenon 
cannot be improved by merely rising l 0 ff, since rising l 0 ff in the specifications of 
a TFT would deficit other characteristics of an image, e.g. flickering 
phenomenon. Therefore, in order to eliminate residual image phenomenon, 
one of the efficient solutions is to elaborate on circuit design thereof. 

[Para 7] Referring to FIG. 2A, a schematic diagram of a circuit 200 pulling 
gate potential of a transistor to ground level GND in power off-state is 
illustrated. The circuit pulls the gate potential to ground level more rapidly 
using an energy storage device. Referring to FIG. 2B and 2C, differential 
temporal response for gate potential using different circuit designs is 
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observed. However, along with the mechanism according to conventional art, 
gate potential is rapidly pulled to ground level GND only when TFT is switched 
off. If TFT turned-on threshold voltage does not effectively switch on the gate 
of the TFT, a tide phenomenon is still observed. Therefore, it is necessary to 
have a novel integrated circuit for discharging pixel capacitance as well as 
pulling down gate potential even when power supply is off, such that the tide 
phenomenon of an LCD panel can be reduced. 

SUMMARY OF THE INVENTION 

[Para 8] According to the above descriptions, the present invention is 
directed to a control circuit for an LCD panel capable of reducing the residual 
image when TFT fails to provide an effective discharging path when the LCD 
panel is in an off state. 

[Para 9] The present invention is directed to a control circuit, integrated into 
an applied specific integrated circuit (ASIC) of the LCD panel, for controlling 
the time when a TFT is turned on, and when gates of all TFTs of the LCD panel 
are turned on. Thus a transistor turn-on potential is high enough to turn on 
the TFTs for discharging pixels of the LCD panel, thereby reducing the residual 
image. 

[Para 1 0] According to an embodiment of the present invention, the control 
circuit is provided for reducing the residual image in an LCD panel, wherein a 
built-in signal-off detector is used in an ASIC for detecting control signals. 
When the signal-off detector fails to detect signals outputted from a host 
control unit, the system is determined to be at an off state, and an all-gate-on 
signal is low level enable, such that gates of all TFTs of the panel are turned 
on. Charges stored in the liquid crystal are released via source terminal of the 
TFT with the circuit, so as to be neutralized by charges in storage capacitor 
and other energy storing devices of the pixel. 

[Para 1 1] According to an embodiment of the present invention, the control 
circuit is disposed with an ASIC of an LCD panel, wherein the control circuit 
includes a signal detecting device and a gate delay unit. The signal detecting 
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device is coupled to a host control unit providing two low level enable signals, 
wherein one is power enable signal DC_DC.ENA coupled to a switch of the 
power input to switch off the input potential and a VGH delay unit such that 
the power is turned off by VGH after a delay time for retaining a turn-on 
threshold voltage of the gate of the TFT. Other voltage sources provided by 
the power supply, e.g. analog voltage source, a turn-off voltage level for 
transistor, and a common voltage source, are assigned to be turned off when 
DC.DC.ENA is generated. The signal detecting unit also transmits an all-gate- 
on signal for turning on gates of all TFTs, and determining an action time after 
a specific time interval when DC.DC.ENA is generated by a gate delay unit. 

[Para 12] In a general LCD panel system, a normal power-off procedure 
follows the steps of turning off the back light module, the signal providing 
module, and the power supply module. As to the power-off timing in the 
present invention, the steps are operated as follows. When the signal 
DC.DC.ENA is generated, the analog voltage source VDDA, the gate scanning 
line voltage source VEEG and a common voltage source Vcom are all turned 
off, which are decayed to ground voltage level GND with time. Moreover, in 
order to turn on gates of all TFTs, VGH turn-off time is delayed such that 
voltage level is high enough for switching on the gates. A time difference 
between VGH and DC.DC.ENA is determined by a VGH delay unit. The time to 
turn on all gates is after VDDA is reduced to GND, and transistors discharge 
via source terminal path thereof to achieve rapid electronic charge 
neutralization. The time to turn on all gates should be no later than when VGH 
reaches a minimum threshold voltage for switching on gates of the TFT. 

[Para 1 3] According to the above descriptions, control circuit can be 
integrated into the ASIC module of the LCD panel for reducing residual image. 
Since built-in circuits of ASIC is cooperated with outer circuits, routing layout 
and associated devices are spared, and fabrication cost is thus reduced. The 
control circuit, according to the present invention is able to control the time to 
turn on VGH, and the time to turn on all gates, such that VGH manages to 
retain a level turning on TFTs within the time window after the power to the 
panel is turned off, and thus residual image is effectively reduced. Therefore, 
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without modifying the fabricating process, residual image resulted from 
various characteristics of transistors of TFTs distributed in different area of the 
panel is effectively reduced by using the control circuit according to the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 14] FIG. 1 is a schematic block diagram illustrating residual image 
phenomenon of a TFT LCD according to conventional art. 

[Para 1 5] FIG. 2A is a schematic diagram illustrating control circuit according 
to conventional art. 

[Para 16] FIG. 2B is a schematic diagram illustrating discharging profile 
according to conventional art. 

[Para 1 7] FIG. 2C is a schematic diagram illustrating rapid discharging profile 
according to conventional art. 

[Para 1 8] FIG. 3 is a schematic diagram illustrating discharging of a pixel 
capacitor corresponding to a TFT according to one embodiment of the present 
invention. 

[Para 1 9] FIG. 4 is a schematic block diagram illustrating an integrated control 
circuit for resolving image residual phenomenon according to one embodiment 
of the present invention. 

[Para 20] FIG. 5 is a schematic diagram illustrating control signals of the 
integrated control circuit according to one embodiment of the present 
invention. 

[Para 21 ] FIG. 6 is a diagram illustrating potential response of a TFT according 
to one embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[Para 22] Referring to FIG. 4, a schematic block diagram of a control circuit, 
according to one embodiment of the present invention is shown. The LCD 
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panel 400 comprises a built-in signal-off detector 41 4 of an ASIC 41 0 for 
detecting status thereof. When the signal-off detector 414 fails to detect a 
signal from the host control unit 41 2, the LCD panel system is identified to be 
in off-state, when an all-gate-on signal is low level enable, and gates of all 
TFTs are turned on. Referring to FIG. 3, a schematic diagram of discharging 
the storage capacitor 3 1 0 via a source terminal of the TFT 320 using the 
control circuit according to one embodiment of the present invention is shown. 
If the source terminal of the TFT 320 does not manage to discharge according 
to the method of the present invention, i.e. a signal carried on the gate driving 
line fails to exceed the gate-on threshold voltage level before discharging, 
transistor is then discharged via source driving line 301 and various 
discharging speed of distributive transistors on the panel results in residual 
image caused by unevenness as well as miniature off-leakage current. 

[Para 23] Referring to FIG. 4, the control circuit according to one embodiment 
of the present invention is integrated in an ASIC of an LCD panel, wherein the 
control circuit includes a signal detecting unit 414 and an all-gate-on delay 
unit 416. The signal detecting unit 41 4 is coupled to a host control unit 41 2 
providing two low level enable signals, wherein one is power enable signal 
DC.DC.ENA coupled to a switch of the power input of the power supply 
module 420 for switching off the input potential, and also coupled to a VGH 
delay unit 430 such that the power is turned off by VGH after a delay time for 
retaining a turn-on threshold voltage of the gate of the TFT. Other voltage 
sources provided by the power supply, e.g. analog voltage supply, turn-off 
voltage for transistor and common voltage, are assigned to be turned off when 
DC.DC.ENA is generated. The signal-detecting unit 414 also transmits an all- 
gate-on signal for turning on gates of all TFTs, and determining an operative 
time after a specific time interval when DC.DC.ENA is generated by a gate 
delay unit. 

[Para 24] In a general LCD panel system, a normal power-off procedure 
follows the steps of turning off the back light module, the signal providing 
module and the power supply module. According to power-off timing, in the 
present embodiment of the present invention, the operation steps are 
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described with reference to FIG. 5 as follows. When the signal DC.DC.ENA is 
generated, the analog voltage source VDDA, the gate scanning line voltage 
source VEEG and a common voltage source Vcom are all turned off, which 
decay to ground voltage level GND with time. Moreover, in order to turn on 
gates of all TFTs, VGH turn-off time is delayed such that voltage level is high 
enough for switching on the gates. The time difference between VGH and 
DC.DC.ENA is determined via VGH delay unit. The time to turn on all gates is 
after VDDA is reduced to GND, and transistors discharge via source terminal 
path thereof to achieve rapid charge neutralization. The time to turn on all the 
gates should be no later than when VGH reaches the minimum threshold 
voltage for switching on gates of the TFT. Referring to FIG. 6, wherein a start 
time and an end time of switching on the gate-on signal range are respectively 
later than a start time and an end time of the VGH delay range. 

[Para 25] Although the invention has been described with reference to a 
particular embodiment thereof, it will be apparent to those skilled in the art 
that modifications to the described embodiment may be made without 
departing from the spirit of the invention. Accordingly, the scope of the 
invention will be defined by the attached claims and not by the above detailed 
description. 
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